SUMMARY The association of dysrhythmias with mitral valve prolapse in pediatric patients was investigated by graded treadmill exercise testing and 24-hour ambulatory ECG monitoring. Twenty-six unselected patients with a clinical diagnosis of mitral valve prolapse confirmed by echocardiography or angiocardiography or both were studied. On 24-hour ambulatory ECG monitoring, six patients (23%) had potentially serious ventricular dysrhythmias. Five of these patients also manifested ventricular dysrhythmias on treadmill exercise testing. Neither standard ECG abnormalities nor clinical symptoms correlated with detected dysrhythmias. This study shows that potentially serious ventricular arrhythmias are common in pediatric patients with mitral valve prolapse and that ambulatory ECG monitoring and treadmill exercise testing are useful for detecting dysrhythmias.
MITRAL VALVE PROLAPSE is now recognized as a common form of mitral valve dysfunction. Although previous reports suggest that the prognosis for isolated mitral valve prolapse in childhood is excellent,1 3 syncope and sudden death have been reported and are felt to be related to cardiac arrhythmias. 2 The association of mitral valve prolapse with arrhythmias manifested on ambulatory monitoring or stress testing has been well substantiated in adults. 4 for evaluating the significance of ventricular extrasystoles (VPCs) were used. VPCs were considered serious when they were multifocal or accentuated with exercise or associated with a variable coupling interval, a prolonged resting Q-T interval, or the R-on-T phenomenon.
Results

Twelve-lead ECG
The standard 12-lead ECGs were entirely normal in 14 patients. One patient had coronary sinus rhythm. Rare unifocal VPCs were recorded in another patient. In eight patients (31%), ST-T-wave abnormalities were recorded in the inferolateral leads; two of these had mild right-axis deviation. Two of these patients had a pronounced U wave, as did an additional two patients with no other abnormality. No fig. 1 ). Four patients had unifocal VPCs during recovery; however, in one of these the R-on-T phenomenon was present and in another, the R wave fell on the downslope of the T wave at the onset of a U wave ( fig. 2) . Unifocal VPCs developed in one patient at peak exercise and disappeared during recovery. One patient manifested bigeminy with R-on-T during recovery. In this group of patients, 19% manifested potentially serious ventricular arrhythmias on treadmill exercise testing.
Twenty-four-hour Ambulatory ECG Adequate records for analysis were obtained in all patients. As shown in normal young adults,17 considerable variation in sinus rate and bradyarrhythmias, particularly during sleep, were common. The fastest rates were sinus in all patients; the range was 87-176 beats/min (mean 142 beats/min). The slowest rates were recorded during sleep in all patients, with a range of 43 (junctional) to 85 beats/min (mean 61 beats/min). T-wave variations were frequently recorded.
In six patients, normal sinus rhythm was recorded No patient with serious ventricular dysrhythmias on either exercise testing or ambulatory monitoring was less than 14 years of age. The mean age for the patients with serious ventricular dysrhythmias was 15.6 years (range 14-18 years), as compared with 12.8 years (range 7-17 years) for the remainder of the group (p < 0.01). When the patients with ventricular dysrhythmias were grouped, the mean for the fastest heart rate recorded on ambulatory 24-hour ECG was 153 beats/min (range 130-175 beats/min); this differed significantly (p < 0.01) from the peak mean heart rate of 137 beats/min (range 87-176 beats/min) for the remainder of the group. There was no significant difference between the sleeping heart rates of the two groups. Two of the four patients with symptoms had serious ventricular dysrhythmias on evaluation. Four patients with serious ventricular dysrhythmias were entirely asymptomatic. Although eight patients had ST-T-wave abnormalities in the inferolateral leads on their 12-lead ECG, only two of these patients manifested a significant dysrhythmia during treadmill exercise testing or ambulatory 24-hour ECG. In all five patients who manifested potentially serious ventricular dysrhythmias during treadmill exercise testing, the dysrhythmias were also detected on ambulatory 24-hour ECG. In one other patient, ventricular dysrhythmia was detected only during ambulatory monitoring. suggesting that the more elaborate studies are necessary for detecting dysrhythmias. In this series, the mean age of the patients with serious dysrhythmias was significantly older than that of the remaining patients. Coupled with the lower overall incidence of dysrhythmias in our patients than in adult series, this suggests that the development of serious dysrhythmias may be an age-related phenomenon. Continued follow-up for detecting dysrhythmia in patients with mitral valve prolapse appears to be indicated. The patients with serious ven- tricular dysrhythmias had a significantly higher mean fastest heart rate than did the remainder of the group. This finding may be evidence for high adrenergic tone, as documented in adults with mitral valve prolapse. 18 With heightened awareness and noninvasive confirmation by echocardiography, the diagnosis of mitral valve prolapse in children is being made with increasing frequency. As in adults, there is poor correlation between symptoms and detected dysrhythmias. The prognostic implications of the dysrhythmias manifested by these patients are not known; reported cases of sudden death suggest that they may be important. In view of the potentially serious dysrhythmias documented in 19% and 23% of our relatively small group by two methods, ambulatory ECG monitoring and exercise testing appear to be important in assessing pediatric patients with mitral valve prolapse.
Discussion
